OT3bIB
Ha aBTOpedepar nuccepranuu Eropoa Makcuma CepreeBuya
«Hay4HO—TeXHOJIOTHYECKHE IPHHIIMITH MEXIaCTHIHOTO CPAIIBAHUS CIIEYCHHBIX
U ropsiaeiehOpMUPOBAHHBIX MIOPOIITKOBEIX CTalIeH, MOAU(PUIIMPOBAHHBIX
YJIBTPAAUCIIEPCHBIMHU YaCTUIIAMIY, TIPEJICTABJICHHOI HA COUCKAHUE YUEHO! CTEIIEHU
JOKTOpa TEXHUYECKUX HAYK MO crieruaibHocTh 2.6.5 — [TopomkoBast MeTalTyprus
U KOMIIO3UITMOHHBIE MaTEPHaIIbI

TexHoIorrsT MOPOIIKOBOM METAJUIyprMM aKTUBHO HCIIONB3YETCSI B T€X OTpacisiX, IJie
TpeOyeTcsi KpYyIHOCEPUIHOE UIIH MacCOBOE IMPOU3BOICTBO U3/IENUH, TaK KaK B 9TUX YCIOBHUSIX €€
[IPEUMYINECTBA IIEPEBEIIMBAIOT HENOCTAaTKH. CriekaHHe sBIsSeTCs OIHOW M3  OCHOBHBIX
TEXHOJIOTHYECKUX OINepaluid MOpPOIIKOBOM MeTayutypruu. IIpu 3TOM mpoliecce MpOUCXOAAT CIIOXKHbIE
¢duzuueckue U GU3NKO-XMMUYECKHE MPOLIECCHl B CAMOi 3arOTOBKE WJIM H3/I€JIUH, B TOM YHCIIC U SBJICHUS
auddy3un, KOTOPHIM MOXKHO OTBECTH OCHOBOIOJIATAIOIIYIO0 POJIb MpU (HOPMHUPOBAHMH CTPYKTYPBI H
SKCIUTYaTalMOHHBIX CBOWCTB IOPOIUKOBBIX M3/ENHUM, OCOOCHHO TMpH KCIOJNB30BAaHWH B MpOLECCe
MPOU3BOJCTBA MHOTOKOMITOHEHTHBIX MaTEepHAJIOB.

[TopomikoBass MeTaUTyprusi MPOYHO YTBEPAWIACH KaK IEPCIEeKTHBHAS TEXHOJIOTHS,
II03BOJIAIOIIAsl MOJIy4aTh OoJiee JeleBble, HOJITOBEYHBIE U pecypcod(PeKTUBHbBIE HU3AETHS IO
CPaBHEHUIO C TPaJULMOHHBIMH METOJAaMH, M €€ pa3BUTHE TECHO CBSI3aHO C
MalIHHOCTPOUTENBHBIMU OTPACIISIMU IIPOMBIIUIEHHOCTH. V3enusi, BelTycKaeMble MOPOIIKOBON
METAJULyPrul BOCTPeOOBaHBI BO MHOTHX OOJIACTSIX OTE€YECTBEHHOM MPOMBIIUIEHHOCTH. OJHUM
U3 TJIaBHBIX INOTpeOuTeNnei neraynell SBISETCS aBTOMOOMIIBHAS IMPOMBIIUIEHHOCTh, KOTOpas
HY)XIAeTCsl B IIPOM3BOJICTBE CIIEUEHHBIX W TropsiueneopMUpyEeMBIX AeTayiei, 00Jiagaroniux
BBICOKHMM JKCIUTyaTallHOHHBIMUA CBOWCTBAMH.

OnHEUM M3 OCHOBOIIOJIATAIONIUX IPOLECCOB (OpPMHpPOBaHHS TropsueaehopMUPOBAHHBIX
nopomkoBbsiX ctaned (I'AIIC) siBrsiercs: cpanuBaHie MaTepralia YacTHII Ha YXKe UMEIOIIUXCS |
BHOBb 00Pa3yOLIMXCsl KOHTAaKTHBIX ITOBEPXHOCTSIX. PoNb cpammBaHusi OCOOCHHO BEJUKa MPU
TIIPOM3BOJICTBE MATepPHAIIOB, pabOTAIOIIMX B HArPY)KEHHBIX yCIOBHAX. OUYEBHIHO, YTO KaKas Obl
HM ObIa CTPyKTypa B 0oOBEME Marepuayia, OKPY)KEHHOM OBIBIIEH MOBEPXHOCTHIO YACTHIIEI
MOpOIIKa, MO OIPENEIEHHOIO0 YPOBHs CpallMBaHUs CBOWCTBA MOPOIIKOBOIO Marepuaia OymayT
OIpPENENATEC HE MOPQOIOTUYECKUMH CTPYKTYPHBIMH OCOOEHHOCTSMH, a KadyeCTBOM
cpamuBaHus. Taxyke BBI3BIBACT OCOOBIM HHTEpeC, KaK BBEIACHHE YJIbTPAIUCIIEPCHBIX YACTHUIL
OyneT BIMATH HA CpPAlMBAHHE MMOPOINKOBBIX MAaTEPHAIOB MPH Pa3IMYHBIX BHAAX (POPMOBaHMS
um obbemHOM nedopmanuu. IlosTomMy wHccienoBaHHE MEXYACTHYHOTO CpPAIUBAHHS IPU
(GopMHpPOBAaHMH CHEYEHHBIX U TOpsYee(OPMUPOBAHHBIX ITOPOIIKOBBIX CTaledl ocTaeTcs
aKTyaJlbHOM 3a7a4eil MOPOIIKOBOTO MaTepHAIOBEICHHSI.

Bo BBeneHnH 000CHOBaHA aKTY4IBHOCTh PelIaeMoi mpobieMbl, chOpPMyYIUPOBAHEI LEb
U 33J]a4d UCCTICHOBAHUs, U3JI0’KEHBI HayyHas HOBH3HA U MpPAKTUYECKas 3HAYMMOCTh paboThI, a
TaKXXe MPUBEICHBI OCHOBHBIE II0JIOXKEHHU S, BRIHOCUMBIE Ha 3aIIUTY.

B mepBoii rmaBe aBTOpoM O0OOOIIEHEI JUTEpATypHbIE JaHHBIE O 3AKOHOMEPHOCTS™.
YIUIOTHEHHS, (OPMHPOBAaHMS CTPYKTYpPhl U (PU3HKO—MEXAHHYECKHUX CBOWCTB IIOPOMIKOBBIX
MaTepHaJIOB U BIIUSIHUE HA OTH TPOIECCH YIbTPAaAUCIEPCHBIX 4YacTull. CojepikaHwWe IJIaBbl
OrpaHHYEHO PACCMOTPEHHEM METAaJIOB, Haubojee IIMPOKO IPUMEHSEMBIX B IMPOU3BOJCTBE
ropsiaenepOpMHUPOBAHHEIX HOPOMKOBBIX Marepuanos (IJITIM). IlpoBemeHHEIH MOIPOOHBIH
aHau3 ¥ 0000IIeHNe UMEIOLINXCS 3HAHUM O MpoIecce CpalldBaHUsl YacTHI[ B CIIEYEHHBIX U B
ropstaeeOpMUPOBAHHEIX MOPOIIKOBBIX CTAISIX ITO3BOJIMII aBTOPY YETKO ONPENEHTh 3a1ady 1
HalpaBlIeHUE NaTbHEHUIIETO HCCIIEOBAHUS B paMKaX JUCCEPTAIIMOHHON PabOoTEHI.

Bo Bropoii rimaBe mpencTaBIeHa XapaKTEPUCTHKA HCIOJIb3yEMBIX MAaTEpHAIOB H
o0opynoBaHusi, Ha KOTOPOM IPOHM3BOJMJIUCH MCCIENOBAHMS, a4 TAKXKE OIHMCAHBI METOINKH
NPOBEICHHUS OSKCICPHUMEHTOB. B paboTe mnpencraBneHO HCIOIb3yeMoe 06OpYI0BaHHUE,
IIPUMEHSBIIEECS IS TIOJTyYSHHUs CIIEYEHHBIX U TOpsiuee()OPMUPOBAHHBIX MIOPOIIKOBEIX CTAJIEH.
Kpome TOro, ommcaHa TEXHOJOTHYECKAas CXeMa IIPOBEJECHHUS WUCCICAOBAHMH B JAHHOM



HalpaBjieHUH. Takke NOApOOHO OXapaKTepHU30BaHBI METOOUKH W  INPUMEHSBIIEECS
o0opy0BaHUE IS ONIPENETICHUS MEXaHHUECKUX CBOMCTB MOJIyYeHHBIX ITOPOIIKOBBIX CTaJIEH.

B tpetneil rnaBe nuccepTalMy pacCMaTPUBAIOTCS 3aKOHOMEPHOCTH Pa3BUTHS Ipolecca
ME)XXYaCTUYHOTO CpalllMBaHHs IpU (HOPMUPOBAHUU CIIEYCHHBIX cTajieil. J[Is OleHKH KadyecTBa
cpaliMBaHusl (KOHCOJNUIALMM) B CIIEUEHHBIX CTASX aBTOpP HCIOJIB30BAT IOKa3aTelb JI0JIN
OTHOCHUTEJIBHOH KOHTAaKTHOH IOBEPXHOCTH C BHYTPHKPUCTAUTUTHBIM CpaldBaHUEM (OK(C).
IIpoBeneHHBIEC HCCIEAOBAHMS TOKA3aIH, YTO JOCTI)KEHHE 3HAYSHHUS 3TOTO KpUTepus Bbiie 85%
ABJIETCS. TIOKA3aTeJIEM YCIIEIHOro (pOpMUPOBAHUS CIIEYeHHOU cTaid. [Ipu aToM HabmOMaeTCs
JIOKaJIM30BaHHAs JAedopManus M YYacTKH BS3KOTO pa3pylIeHHUs, YTO CBUICTEIBCTBYET O
BBICOKOM KaueCTBE CIIEYEHHOTI'0 MaTepuala.

B pabore wm3ydanoch BIHMSHHE KOJMYECTBA BBOJUMBIX YJIBTPAIUCIIEPCHBIX YaCTHIL
HuTpuaa KpeMuus (SizN4) u okcuma Hukens (NiO) Ha cTpyKTypooOpa3oBaHHe H MEKIACTHUHOE
cpamyBaHue (KOHCOJUIAIUIO) CIIEYCHHBIX IMOPOIIKOBBIX cTajeil. [IpoBeneHHbIe HCCIIeI0BaHuUs
IIO3BOJIMJIM YCTAHOBHUTB, YTO JIETUPOBAHHWE IOPOIIKOBBIX CTAJIEd STHMH JBYMS J100aBKamu
OKa3bIBAET IIPOTHUBOIIOJIOXKHOE BO3JCHCTBHE HA YIIOTHSIEMOCTh (KOHCOJHUIAIMIO) MaTepHala.
Teepmele wacTuiel HuTpuza kpemHHs (Si3Ns) yXyOIIAlOT —YIUIOTHAEMOCTB, MOCKOJBKY
BHCJIPSIOTCS B JKEJIE3HYIO MaTPUIly M MPEMSTCTBYIOT IUIACTHYECKOU AedopManuu 9acTuil. B To
XKe BpeMs, dvacTunbl okcuga Hukens (NiO) yiydmarT yIUIOTHIEMOCTH 3a CUeT HX
BOCCTaHOBJIEHHS U 3aII0JIHEHUS 00pa3yIOIINXCss MUKPOTIOP.

B uerBeproif rmaBe IpPOBEAEHO KOMIUICKCHOE HCCIIC[OBaHHE (HOPMUPOBAHHUS
MEXYaCTHYHOIO CPalliBAHMs IIPH IOpsSYel ITAMIIOBKE MOPHUCTHIX MOPOIIKOBBIX IPECCOBOK C
YABTPAIUCIIEPCHBIMKM YaCTUIIAMHU. ITPABUJIBHBIN BBIOOP TEXHOJIOTHYECKHX MapaMeTpOB Tropsdeit
00paboOTKM TMOPOINKOBBIX CTalell  MO3BOJIIET COXPAHUTh  IEJIOCTHOCTh  KOHTAKTHBIX
MIOBEPXHOCTEH MEXy YaCTHULaMH, 00ecleyrBasi BBICOKOE KaYeCTBO CIIEKAHHS M KOHCOJIHIAI[HH
Marepuana. ABTOPOM MOAPOOHO ONHCAHO BJIMSHUE YJIBTPAIUCIEPCHBIX YAaCTHIl Ha
(GopmMHEpOBaHKE MEXYACTHYHOTO CPAIIUBAHHS TOpsdeaeGOPMUPOBAHHBIX ITIOPOIIKOBBIX CTAJIEH.
BBenenne ynbTpagMCHEpCHBIX J00aBOK J@eT BO3MOXKHOCTH DETYJIMPOBATH  HPOIECCHI
CTPYKTYypoOOpa3oBaHUs B MOPOLIKOBBIX CTAJISIX 3@ CYET H3MEHEHHS] COOTHOLIECHHMS ABMKYIIUX U
TOPMO3SIIIUX  CHJI, JEMCTBYIOIIMX HAa  MEXYacCTHYHBIE TpaHUIBL. JTO  ITO3BOJISET
IIeJICHAIPABIEHHO ()OPMHPOBATS JKeTaeMBble CTPYKTYPY U CBOUCTBA OKOHYATEILHOTO MaTepHaa.

B naroif rimaBe paccMOTPEHO BIMSIHHE TEPMHUYECKOW OOpaGOTKH Ha CTPYKTYpy H
MEXaHUYECKHe CBOMCTBA CIEYEHHBIX M ropsuee(OpPMUPOBAHHBIX IOPOIIKOBBIX CTajled ¢
YIABTPAAUCIIEPCHBIMU YaCTUIIAMU. ABTOPOM YCT@HOBJIEHO, YTO HAJHYHE IIOPUCTOCTH C BLICOKOM
nojieil  CBOOONHONW IOBEPXHOCTH CIOCOOCTBYET 3apO’KACHHIO HOBBIX (a3 npH  (ha3oBbIX
IPEBPAIEHUAX, OCOOEHHO NPH 3HAYUTEIFHOM BKJIAJE YIPYroil SHEPIUM, 3a CUET peslaKCalliy
YOPYTHX HaOpPsDKEHUH Ha CBOOOJHBIX MOBEPXHOCTSX IMOP. PacCMOTpEHBI H3MEHEH U TTOJIOKEHHSI
KPUTHYECKUX TOYeK A¢ M Ag npu HarpeBe oOpasuoB, comepxammx 0,5 u 0,8% C u
U3TOTOBJICHHBIX Ha OCHOBE JKejie3HBIX nopowmkoB IDKPB2.200.26 u H4/I12M ¢ nobGasienuem
ynpounstomux no6aBok NiO (1%) u SizN4(0,2%). ABTopoM ycTaHOBIIEHO, 4TO crieueHHble [1C
MMEIOT MOHIKCHHYIO CKJIOHHOCTh K POCTY 3epHa aycTeHMTa. JloOaBiieHHWE B IIMXTY HUTpPHIA
KPEMHHS CIIOCOOCTBYET (OPMHPOBAHHIO MEJIKO3EPHHCTOH CTPYKTYPHI BO BCEM HCCIIELYEMOM
MHTEpBale MOpUCTOCTH. B  pabGoTe paccMOTpeHBI 3aKOHOMEPHOCTH  MAapTEHCHTHOIO
NPEBPAIlCHUs] IpPH 3aKajKe CHOEYEHHBIX CTajledl ¢  yJIbTPagUCIIEPCHBIMH  YAaCTHIIAMH.
YCTaHOBJIEHO, YTO HOPHUCTOCTH B CIIEYCHHBIX CTAISIX CIIOCOOCTBYET YCKOPEHHIO MAPTEHCHTHOTO
NPEBPAIICHUS] 32 CYET CIEAYIomUX (PakTopoB: Goiee JErkoro 3apojKIeHHss MapTeHCHTa Ha
MOBEPXHOCTH TIOP ¥ MEHBIIEr0 CONPOTHUBIECHHS IIOPUCTOTO ayCTeHHTa Je(hOopMalusam
NpEeBpaIeHus.. OTO NPHBOAUT K IIOBBIIICHHIO TEMIIEPATyphl Hadaja MAapTeHCHTHOTO
IIPEBPALICHHS] ¢ POCTOM IIOPUCTOCTH.

B mstodl rnaBe Takke MOKa3aHO, YTO ISl Topsdene)OpPMHPOBAHHEIX ITOPOIIKOBBIX
CTaJIel, TONYYEeHHbIX Npu Temmeparype 1150 °C, moBbliieHHe TemIepaTyphl IOCIELYIONIEro
orxura 10 800-900 °C mpuBOIUT K MaKCHUMAIBHBIM 3HAYEHHSIM MPOYHOCTH, IUIACTHYHOCTH U
YAApHOM BSI3KOCTH. JTO OOBACHAETCS TEM, YTO IPH TAKUX DPEXHMAax TepMooOpaboTKH




IMPOMCXOIUT YCTPAaHCHHUE CTPOUYEYHOCTH M PelIaKcallisl BHYTPEHHUX HAMpPsDKCHHWM B MaTepualle.
Jns sddexTHBHOrO yrpaBiIeHHs MEXaHMYECKHMMH CBOWCTBAMH IOPOIIKOBBIX CTallell ¢
yABTPAAUCIEPCHBIMU  YaCTHIIAMH HEOOXOAMMO OOECIEeUYHTh HX BHYTPUKPHUCTAJUIUTHOE
CpallyBaHME, YETO MOXXHO JOCTHYh ITyT€M IPAaBHJIBHOTO BBIOOpa MapaMeTpOB TEPMHYECKOM
00paboTKH. '

Peanu3zarnusi pe3ynbTaToB MCCIEIOBaHUN B MPOMBIIIICHHOCTH IMPEICTaBIeHa B INECTOM
rnaBe. [lpoBeneHHBIE wHccnenoBaHUs OBUIM HAmpaBiIeHB Ha peEIIeHHe HaubojIee YacTo
BCTpPEUAIOIUXCS MPH Topsueil mrammoBke mnpoOieM. B paGoTe mpencTaBieHBI TEXHOJOTHH
U3TOTOBIIEHHS JleTajleld M3 MOPOIIKOBEIX MaT€pHAIOB Ha MPEANPUSTHIX ropoxa PocroBa-Ha-
Jony. Ilo pe3ynpraTam HUCTIIBITAHUHN PEICTABICHBI aKThI TPOMBIIIUIEHHBIX HCITBITAHHH.

ITo paGoTe uMeroTCs clieyromue 3aMeyaHus:

1. B Tperweil riaBe aBTOp NPOU3BOAUT OLIEHKH KadeCTBa KOHTAKTHOW IIOBEPXHOCTH
cnedeHHBIX (opmoBok. Ha rpaduxax (ctp. 9 puc. 1) mpuBemena Ttemieparypa
cnexanus 950 °C, 1050 °C, 1150 °C. LlenecooGpa3Ho paccMOTPETh OIIEHKY KauecTBa
cpammBaHus Npu TeMineparypax cuekanus 1000 °C u 1100 °C.

2. ABTOpOM yCTAaHOBJIEHO, 4YTO IpPH OTHOCHTEIBHOH IUTOIAJd KOHTAKTHOI
IIOBEPXHOCTH C BHYTPUKPUCTAIMTHBIM cpamquBanueM 0,85 u Goiee mpomcXomuT
(dopMHpOBaHHE KAauyeCTBEHHOIO CpalMBaHWs Ui BCEX pPacCMaTPUBAEMBIX
MatepuanoB. IIpencraBisier ocoOblii MHTEpPEC CO3MaHHS TEXHOJIOTHYECKHX KapT II0
UCIIOJIb30BAHHUIO ITOJTYYEHHBIX TaHHBIX.

3. U3 aBropedepaTa He COBCeM MOHSATHO, KaK ONpPENEsIach CTENEHb NOIMOIHUTEILHOM
IIACTHYECKOH e opMaIiiy MopOIIKOBOTO MaTepHIIa.

4. IlpuMeHeHHEe MaTeMaTHYECKOro MOIETHPOBAaHHUS C IENIBI0 ONTHMHU3AIUU COCTaBa
CIEKAeMBIX IIOPOIIKOBBIX MATEPHAIOB, YYUTHIBAIOIIEro Iporecchl aupdys3uu,
MOTJIO OBI JOTOJIHUTE 3HAYUMOCTH HAYYHOMY HCCIIEIOBAHHIO.

IlepeunicieHHple 3aME4YaHHsT HE CHIDKAIOT HAYYHOM M IPAKTHYECKONM IEHHOCTH
JUCCEPTAlMOHHON paboTHI, OHa OTBe4YaeT TpeOoBaHHSIM [IOJIOKEHUS O MPUCYKIEHUH YUYEHBIX
crenene, yreepakaeHHoro ITocranosnennem IlpaBurenscta PO ot 24 centsiopst 2013 r Ne 842,
OpPeABSIBIIEMBIM K JIOKTOPCKMM JuccepranusM, 1 EropoB Makcum CepreeBud 3aciyKHBaeT
NPHUCY)KIACHHS YYEHOM CTEIEHH MOOKTOpa TEXHHYECKHX HayK II0 CIeHuaabHOCTH 2.6.5 —
[TopomkoBast METAJUTypIrust ¥ KOMIIO3HUITHOHHBIE MaTEPHAIBL.

OT3BIB COCTaBHUII:

Manunos Jleonun CotoMOHOBHY

287526, Noneukas Haponnas Pecry6nuka, r.o. Mapuynons, ropoa Mapuymnons, yiauna
Yuusepcurerckas, 7. @enepanbHOe TOCYIAapCTBEHHOE OIOMHKETHOE 0Opa3oBaTeNbHOE
yupexaeHue BbICHIEro obpaszoBaHusi  «[Ipua3zoBckwii  roCyJapCTBEHHBIM  TEXHHYECKUit
YHUBEPCUTET», NOKTOP TEXHHMYECKHX HayK o cnenuaibHoctd 05.16.01- MetajuioBeneHue u
TepMHuYecKas 00paboTka MeTayuIoB, mpodeccop kadeapsr MarepuanoBeneHusl.

S, Mamunos JI.C., naro coriacue Ha BKJIIOYEHHE CBOMX II€PCOHAIBHBIX JAaHHBIX B
JOKYMEHTBI, CBSI3aHHBIC C 3aAIUTOH auccepTanoHHON pabotel EropoBa Makcuma Cepreesuua,
U MX JalbHEHIIYI0 00paboTKy.
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